Background This study aimed to determine trends in pre-diabetes and diabetes prevalence and diabetes awareness, treatment and control across socioeconomic gradients in rural southwest China.
Introduction
Diabetes is a major, and growing, public health challenge across the globe: the number of adults with diabetes quadrupled between 1980 and 2014. 1 In China, the number of diabetic patients is estimated to increase from 20.8 million in 2000 to 42.3 million in 2030. 2 Diabetes awareness is low, especially in developing countries, and blood glucose control in particular remains a challenge for healthcare providers. 3 A recent Chinese study indicates that from 1979 to 2012 the prevalence, treatment and control of diabetes increased, however, these improvements were not accompanied by an obvious commensurate improvement in diabetes awareness. 4 Raising awareness and knowledge about diabetes is essential for the prevention and reduction of diabetes, 5, 6 especially in rural areas with comparatively lower levels of awareness and treatment of diabetes. 7, 8 Previous research has consistently shown that socioeconomic factors, such as education and income, are associated with pre-diabetes and diabetes prevalence and are also social determinants of health outcomes in low-and middleincome countries, 7, 9 and individuals with pre-diabetes are known to be at increased risk of developing diabetes. However, limited investigations have been conducted to examine the relationships between socioeconomic status (SES) and temporal trends of prevalence, awareness, treatment and control of diabetes. In China, little is known about the association.
As pre-diabetes and diabetes rapidly rise in prevalence and, in turn, poverty due to illness becomes a significant social problem in rural China, 10 it is critical to understand the changing dynamics of pre-diabetes and diabetes in China, especially in rural areas. Thus, the purpose of the present study was to determine trends in prevalence of prediabetes and diabetes and diabetes awareness, treatment and control in rural Yunnan Province, China from 2009 to 2016, and to investigate their relationships with socioeconomic factors.
Methods

Data sources and study population
The primary data in this study were from two communitybased cross-sectional health interviews and examination surveys conducted in two rural areas of Yunnan Province in 2009 (n = 6350) and 2016 (n = 6359). Yunnan Province is located in southwest China and is one of China's poorest provinces. It has 129 official counties and had a recorded population of 47.14 million people in 2016. Yunnan also has the country's largest concentration of ethnic minorities, with 25 of China's 56 state-recognized ethnicities in the province.
Both in 2009 and 2016, the 129 counties in Yunnan were divided into two categories (high and low) according to wealth distribution (GDP per capita), with the median value set as the cut-off point. From each of these two categories one county was randomly selected, for a total of two counties in each survey year. The two surveys used a consistent three-stage stratified random sampling method to select the study participants from the above two rural counties. First, each selected county was divided into three groupseconomically advantaged, economically average and economically disadvantaged-based on per capita GDP. One township was randomly selected from each of these three chosen groups, for a total of six townships. Second, probability proportional to size method was used to select three villages from each of the six townships. Finally, a list of individuals aged ≥35 years was obtained from the village committee of each selected village. Simple random sampling was then conducted to select individuals to survey from each selected village.
Data collection and measurement
The two surveys used the similar questionnaire to collect data from the participants. Each participant who gave informed consent was interviewed by trained interviewers using a pre-tested and structured questionnaire. Information on demographic characteristics (age, sex, ethnicity, annual income and education), diagnosis, treatment, control and self-reported family history of diabetes were obtained.
Fasting blood glucose (FBG) was taken for all subjects. FBG was collected by local healthcare workers at community clinics, with blood samples taken in the morning after participants completed at least 8-10 h of overnight fasting.
Ethical approval
This study was approved by the Ethics Committee of Kunming Medical University prior to beginning the research.
Definition
According to the 2006 WHO criteria, 11 pre-diabetes or impaired fasting glucose was defined as FBG ≥ 6.1 and <7 mmol/l. Diabetes mellitus was defined as a FGB ≥ 7.0 mmol/l (126 mg/dl) or a reported use of antidiabetic medications within the previous 2 weeks. Among participants with diabetes, awareness of diabetes was defined as the participant reporting a previous diagnosis of diabetes by a physician. Treatment of diabetes was defined as a participant reporting the use of antidiabetic medication (oral hypoglycemic agents and/or insulin) within one month prior to the survey. Control of diabetes was defined as the participant presenting as diabetic, but with a FBG < 7.0 mmol/l (126 mg/dl).
Statistical analysis
Descriptive analysis techniques were used in this study. Categorical variables were presented as counts and percentages. The chi-square statistic was computed to compare categorical variables between survey years. The overall prevalence of pre-diabetes and diabetes, and awareness, treatment and control rates of diabetes were adjusted for age and gender by direct standardization to the total population of the two surveys. All statistical significance decisions were based on twotailed P values. All data analyses were done in accordance with survey procedures to account for the complex survey design with Stata (version 8.2) 'svy' commands. Table 1 shows the demographic characteristics of the study population by survey year. More than 92% of the participants in both surveys were Han ethnic majority. Mean age, proportion of men, proportion of ethnic minorities and proportion of participants with low annual household income among the study subjects did not differ between the two survey years (P > 0.05). However, the adult illiteracy rate decreased from 38.0% in 2009 to 32.4% in 2016 (P < 0.05).
As shown in Table 2 , over the 7 years studied, the overall prevalence of pre-diabetes and diabetes increased from 8.4 and 7.7% to 19.0 and 9.5%, respectively (P < 0.01), and the increasing rates were found among the subgroups stratified by gender, age, ethnicity, education and income. Women participants had higher prevalence of diabetes than men both in 2009 and 2016 (P < 0.05). Participants with a higher level of annual income had higher prevalence of diabetes than their lower-income counterparts and a remarkably increasing trend in rate of pre-diabetes (P < 0.01). The prevalence of pre-diabetes and diabetes increased with age across the seven study years (P < 0.05) and the prevalence of prediabetes and diabetes in Han Chinese rose across the seven study years (P < 0.05). Table 3 indicates age-standardized awareness, treatment and control of diabetes by survey year and SES in rural Yunnan Province. The overall awareness, treatment and control of diabetes increased from 32.7, 20.0 and 6.1% to 49.3, 32.1 and 13.5%, respectively (P < 0.01). While these rate increases were observed both in men and women, they were only observed among Han Chinese (P < 0.01). While diabetic patients with higher levels of education had higher awareness, treatment and control of diabetes than their counterparts both in 2009 and 2016, no significant differences in improvement of awareness, treatment and control among diabetic patients were found among participants who had obtained differing levels of education. Moreover, both in 2009 and 2016, in contrast to diabetic patients with lower levels of income, diabetic patients with higher levels of income had a corresponding higher level of treatment of diabetes (P < 0.05). However, diabetes awareness, treatment and control increased across all income groups (P < 0.01).
Discussion
Main finding of this study
The findings indicate a relatively high prevalence rate of prediabetes and diabetes, low levels of awareness, treatment and control of diabetes, an overall increasing trend across all socioeconomic gradients in prevalence of pre-diabetes and diabetes, as well as an increase in awareness, treatment and control rates of diabetes in rural southwest China over the 7 years studied.
In this study, the overall prevalence of pre-diabetes was greater than in the China National Diabetes and Metabolic Disorders Study (15.5%), 12 in India (6.3%) 13 and in Ugandan adults (13.8%).
14 The overall prevalence of diabetes in the present study (9.5%) was higher than the prevalence rate observed in other parts of rural China 15, 16 as well as in other Asian populations, including Indian (8.3%) 13 and Vietnamese adults (5.4%). 17 Both pre-diabetes and diabetes levels were high in rural southwest China across the study period. Moreover, this study showed a rapidly increasing trend in prevalence of pre-diabetes, indicating a potential future diabetes epidemic in the study region. Given this impending epidemic, the findings suggest that pre-diabetic adults need strategies for early prevention and control of diabetes. Contributing to the problem, in contrast to the high level of diabetes prevalence observed in this study, the treatment and control rates (32.1 and 13.5%) were much lower than recorded in previous Chinese studies 4 (42.54 and 20.87%). The results thus present a great challenge for local governments, tasking them to take preemptive measures to further control diabetes as well as improve access to healthcare.
The present study found that prevalence, awareness, treatment, and control of diabetes have increased substantially both in men and women in rural Yunnan Province. These increasing trends are consistent with trends observed in a previous Chinese study. 4 However, while this prior study 
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indicated a lack of improvement in diabetes awareness in China, 4 inspiringly, the present study found an increase in diabetes awareness over the 7 years studied, indicating diabetes health education programs have achieved progress in rural southwest China.
The present study indicated ethnic variation in temporal trends of prevalence of pre-diabetes and diabetes as well as awareness, treatment and control of diabetes in rural southwest China. Specifically, Han Chinese had higher prevalence of pre-diabetes and diabetes than ethnic minority groups over the 7 years. This possibly results from ethnic minority populations' differing lifestyle choices, including their increased dietary fiber intake relative to the Han population. 18 Similar differences across ethnic groups were also recorded in previous studies. 19, 20 While pre-diabetes and diabetes levels increased across all ethnic groups studied, increasing rates of diabetes awareness, treatment and control were observed only among Han Chinese. This difference in awareness, treatment and control may be the result of a lack of access to healthcare and of health-related knowledge in ethnic minority areas. The results in this way suggest particular efforts to prevent, control and enhance public awareness of diabetes must be made to address the challenges faced by Chinese minority communities.
The present study also showed that level of education had an apparent impact on diabetes awareness, treatment and control. Less educated individuals had lower rates of awareness, treatment and control than more educated individuals both in 2009 and 2016. This result aligns with other studies. 21, 22 Furthermore, although increasing awareness, treatment and control were observed across all education categories over the 7 years studied, there was no significant difference in the rate of increase between different education level groups; thus, those with the lowest levels of education have not narrowed their knowledge gap. The results highlight an urgent need for community-based diabetes health education programs in rural China, with prevention strategies focusing particularly on individuals with low levels of education.
In the study population, high-income participants were more likely to suffer from diabetes than their lower-income counterparts and they used health services more frequently. This result is consistent with a previous Chinese study, 23 as well as studies in Nigeria 24 and Sri Lanka. 25 Although the present study yielded no evidence supporting any association between individual income and pre-diabetes, our study found a notably increasing trend in rate of pre-diabetes among those with high annual incomes. Moreover, while increasing trends of prevalence, awareness, treatment and control of diabetes were observed across all income categories, the relative increase of treatment and control of diabetes was greater among high-income diabetic participants. This may result from high earners' greater ability to afford medications and adequate treatment. The findings thereby underscore an urgent need to improve access to healthcare for low-income populations.
In conclusion, the prevalence of pre-diabetes and diabetes as well as diabetes awareness, treatment, and control has increased substantially in rural China over the 7 years studied, with striking socioeconomic differences in temporal trends for the observed rates. These results underscore a critical need for the government to continue to boost diabetes awareness and increase access to affordable medications in rural southwest China as well as implement interventions to promote the prevention and control of diabetes that address socioeconomic factors.
What is already known on this topic
Diabetes is a major public health problem throughout the world. Previous literatures have consistently shown that SES such as education and income are associated with pre-diabetes and diabetes prevalence and are also social determinant on health outcomes in low-and middle-income countries.
What this study adds
Limited investigations have been conducted, however, to examine the relationships between SES and temporal trend of prevalence, awareness, treatment and control of diabetes. Similarly in China, little is known about the association. The findings indicate the prevalence of pre-diabetes and diabetes as well as awareness, treatment and control of diabetes has increased substantially in rural China from 2009 to 2016, and shows striking socioeconomic differences in temporal trend of such rates. Our results underscore the urgent need for the government to continue to boost diabetes awareness and increase access to affordable medications in rural southwest China, and effective interventions to promote the prevention and control of diabetes must address socioeconomic factors.
Limitations of this study
There are some limitations in the current study. First, the present study might have underestimated the true prevalence of pre-diabetes and diabetes as only FBG was used to diagnose diabetes and pre-diabetes. Second, the trends of diabetes prevalence, awareness, treatment and control observed are based on a study period of 7 years, a short-term time period; when more data become available it will be critical to discover whether the trends observed persist over a longer timeframe.
